Abstract. Epithelial cellular fibronectin is frequently repressed after malignant transformation in a variety of cancers. This change has been associated with a loss of contact inhibition. To determine if these findings are unique to malignant processes and to identify mechanisms responsible for fibronectin suppression, we investigated fibronectin expression patterns in 46 head and neck carcinomas, 16 samples of adenoid tissue, and 10 benign mucosal biopsies. We report fibronectin suppression in 78% of the head and neck cancer samples, occurring most prominently within tumor cells, as opposed to the adjacent stroma which exhibited abundant fibronectin. Interestingly, fibronectin was also strongly repressed in chronically inflamed adenoid samples. We showed that fibronectin suppression is mediated by different mechanisms in both benign as well as malignant scenarios: In adenoids, macrophages and T-cells were visualized throughout epithelium that has lost its tight cellular array, allowing leukocyte passage. We have shown that tumor necrosis factor-· secreted by macrophages is capable of inducing epithelial derangement via activator protein-1 and nuclear factor-κB mediated fibronectin suppression. In head and neck carcinomas, we identified human papilloma virus early protein-2 as a fibronectin transcription inhibitor. We conclude that epithelial fibronectin suppression may not be a hallmark of malignancy, because it can concur with benign processes that involve leukocyte migration. Furthermore, our data suggest that the pattern of fibronectin suppression within the tumor structure largely depends on the cancer cell-stroma relation, which could explain previous conflicting reports on its repression or overexpression along with malignant transformation. In addition, our data support an involvement of human papilloma virus as a mechanism of carcinogenesis mediated via a loss of fibronectin gene expression.
Introduction
Head and neck squamous cell carcinomas (HNSCC) are characterized by an aggressive growth pattern and early metastatic spread which contribute to their high morbidity and mortality (1, 2) . The molecular genetic background facilitating this behavior has been studied extensively, and several genes have been described to be involved in HNSCC carcinogenesis (3) (4) (5) (6) (7) . Fibronectin (FN) has been reported to be down-regulated in HNSCC, and it was suggested that its suppression mediates a loss of contact inhibition due to reduced cellular adhesion, which promotes mitosis and cellular spreading (8) .
FN is an adhesive glycoprotein of approximately 220-250 kDa. There are two principal types of FN, including plasmatic and cellular surface bound forms, which are generated from the same gene transcript by alternate splicing (9, 10) . Cellular surface FN is located in fibrillar arrays on the surface of many types of cells, including fibroblasts, astrocytes, epithelial and endothelial cells, and others (11, 12) . Cellular surface FN functions as a cell-cell and cell-substrate binding molecule, facilitating cellular adhesion, attachment to extra cellular matrix macromolecules, and contact inhibition, among others (13, 14) . A major source of interest in FN derived from the finding that the expression of cellular surface FN is repressed after malignant transformation (15) (16) (17) (18) (19) . However, in addition to the data connecting FN suppression to malignancy, Akiyama et al reported increased FN expression within tumorassociated fibroblasts actually enhancing tumor cell motility, cancer spread, and metastasis formation, which led to a controversial discussion on the role of FN in carcinogenesis (20) .
In this study, we examined the expression of cellular surface FN in 46 HNSCC tissue samples (Table I ) and compared them to 16 chronically inflamed adenoids as well as 10 benign mucosa samples, both on the transcriptional and on the translational level. Our objective was to assess the expression pattern of FN in HNSCC, and to investigate whether the phenomenon of FN repression is exclusively limited to malignant tissues.
Fibronectin suppression in head and neck cancers, inflammatory tissues and the molecular mechanisms potentially involved Materials and methods
Tissue samples. A total of 72 tissue samples, including 46 HNSCC (Table I) , 16 adenoid tissues and 10 benign mucosa biopsies were obtained during surgery after receiving written patient consent, in accordance with the ethics commission of the University of Schleswig-Holstein, Campus Kiel, based on the 1975 Helsinki Declaration (revised 1983). The histologic diagnoses of primary HNSCC, inflammatory adenoids, and normal mucosa were established by certified pathologists of the University of Schleswig-Holstein, Campus Kiel. Immediately after obtaining tissue samples, they were frozen in liquid nitrogen, crumbled in a mortar, and stored at -80˚C for further processing.
Cell culture. Cell cultures derived from well-characterized University of Turku Squamous Cell Carcinoma (UTSCC)-19A laryngeal SCC cell lines were grown in minimum essential medium with Earle's salts and L-glutamine without the addition of non-essential amino acids and sodium bicarbonate, but in the presence of 20 mM N-2-Hydroxyethylpiperazine-N'-2-ethanesulfonic acid and 10% (v/v) fetal calf serum (Biochrome, Berlin, Germany), in 5% CO 2 at 37˚C in a humidified atmosphere (21) . Primary keratinocyte cultures, derived from adjacent normal mucosa of the larynx, were cultivated in serum-free medium (Gibco, Eggenstein, Germany), supplemented with 50 μg/ml bovine pituitary extract and 1.5 ng/ml epidermal growth factor in the presence of 100 U/ml penicillin/ streptomycin (22) . Bacterial contamination of the cultures was excluded after culture of the medium at 37˚C with and without cells.
Isolation of total RNA. Total RNA isolation from frozen tissue samples was achieved with the RNeasy kit (Qiagen, Hilden, Germany) following the manufacturer's instructions. After determination of the RNA content using the UVICON-931 UV-spectralphotometer (Kontron, Hamburg, Germany), samples of total RNA were adjusted to 2.0 μg for the upcoming first-strand cDNA synthesis.
Northern hybridization. A 790-bp probe capable of annealing to FN-mRNA was designed for Northern hybridization using the sense primer 5'-CTC AAC AGA CAA CCA AAC T-3', and the antisense primer 5'-CCT TGT CAT CCT TGA CAG TG-3'. The probe was labeled by chemiluminescence (Boehringer, Mannheim, Germany). After labeling the probe, 20 μg of heat-denaturated RNA derived from the HNSCC samples, adenoid tissues, and keratinocytes was employed for Northern blotting. Following electrophoretic separation in a 1.5% agarose gel with 0.01% ethidium bromide staining for visualizing the 28 S and 18 S rRNA bands, the gels were blotted via capillary transfer onto a positively charged nylon membrane (Boehringer) at room temperature overnight. The transferred RNA was subsequently immobilized using UV radiation. The membranes were hybridized at 50˚C for 14 h in Easy Hyb solution (Boehringer) containing 25 ng/ml of the DNA probe indicated above. After the membranes were washed twice in 0.3 mM NaCl, 30 mM sodium citrate (pH 7.0) containing 0.1% (w/v) sodium dodecyl sulfate (SDS) at room temperature for 15 min each, they were then washed in 70 μM NaCl, 7.0 mM sodium citrate (pH 7.0) containing 0.1% SDS at 68˚C for 15 min. The membranes were prepared for chemiluminescence detection by adding disodium 3-(-4-methoxyspiro 1,2-dioxetane-3, 2'-(chloro)tricyclodecan-4-yl) phenyl phosphate (Boehringer) according to the manufacturer's instructions. A glutaraldehyde-3-phosphatedehydrogenase (G3PDH) probe was used to standardize comparisons of the FN expression levels. Finally, the blots were exposed to an X-ray film (20 min) using an intensifier screen.
Densitometry. Northern hybridization gels were scanned and quantified using Herolab E.A.S.Y. Win32 software (Herolab, Table I . Head and neck carcinoma samples. 
Overview of the head and neck carcinoma samples used in this study. FN, fibronectin; N/A, not available.
a Relative FN-mRNA expression means the relative signal strength of the sample FN-mRNA compared to control; i.e. absent, no FN-mRNA signal; decrease, FN-mRNA signal <0.9x control; equivalent, 0.9-1.1x control; and increased, up to 1.5x control.
b The metastasis samples included invasive ductal carcinoma, basalioma, malignant melanoma.
Wiesloch, Germany). The intensity of the FN bands was divided by the corresponding G3PDH signals from the same sample.
ELISA. To quantify FN production, the homogenates of the five laryngeal and mucosal biopsies were compared using the FN enzyme immunoassay kit (Boehringer). Measurements were made by absorbance at 492 nm, using the EIA plate reader MR5000 (Dynatech, Chantilly, VA). ELISA procedures were performed in triplicate.
Immunohistochemistry. The tissue samples derived from the same groups mentioned above were placed in 10% neutral buffered formalin immediately after they were obtained and were allowed to fix for 24-48 h. After fixation, the samples were dehydrated and embedded in methylmethacrylate plastic. After polymerization, the samples were cut on a plane rightangled to the tissue surface. Longitudinal sections of 4 μm were cut with a rotary saw microtome and transferred onto a microscopic slide. For immunohistochemical examination, sections of tissue were deparaffinized in four cycles of Xylol for 10 min each. The samples were rehydrated in aqua dest for 10 min. Antigen retrieval was accomplished by washing the samples with Tris-buffered saline (TBS) solution for 5 min. Endogenous peroxidase was blocked for 30 min with 1% hydrogen peroxide in methanol. Non-specific immunoglobulin binding was blocked by incubation of the slides for 10 min with a 3% goat serum in TBS for 20 min prior to application of the primary antibodies, i.e. anti-FN (R&D Systems, Wiesbaden, Germany) and Ki-M1P (23) . The samples were incubated with the primary antibodies for 60 min. Subsequently, the samples were washed twice with TBS and Tween for 3 min each. A biotinylated rabbit antibody was applied to the slides for 30 min, and the samples were washed as above. A labeled peroxidase complex system (ABC-Vectorstatin, Dako, Hamburg, Germany) was used to visualize all immune reactions. Sections were counterstained with Mayer's hematoxylin. For negative controls, the primary antibodies were replaced with homologous non-immune sera. The slides were evaluated in cooperation with the Pathology department of the University of Schleswig-Holstein, Campus Kiel.
Immunocytochemistry. Cell cultures were grown on sterile slides up until cellular confluence was achieved, washed with PBS solution, and fixed in absolute ethanol for 10 min. After fixation, the samples were processed by a similar protocol as described above for the immunohistochemistry.
Electrophoretic mobility shift assay. UTSCC-19A and normal epithelial cells were washed in PBS, centrifuged at 800 rpm and the pellets were resuspended in sucrose buffer containing 30 mM sucrose, 0.5 ml 1 M Tris (pH 8.0), 150 μl 1 M CaCl 2 , 100 μl 1 M MgOAc, 10 μl 0.5 mM phenyl-methyl-sulfonylfluoride, 1 mM dithiothreitol, 0.5% (v/v) Nonidet-NP40 (Fluka Chemie, Buchs, Switzerland). After centrifugation at 500 rpm for 5 min, the cell pellets were washed in the same buffer without Nonidet-NP40, centrifuged again and resuspended in 100 μl low salt buffer containing 1 mM HEPES, 0.075 mM MgCl 2 , 1 mM KCl, 0.01 mM EDTA (pH 8.0), 32% glycerole, 0.5 mM dithiothreitol, and 0.5 mM phenyl-methyl-sulfonylfluoride. Subsequently, nuclear extracts were treated with 40 mM of protease inhibitor (Roche Molecular Biochemicals, Mannheim, Germany) and the protein concentrations were measured using the method of Bradford (24) . The EMSA nuclear extracts of 1 μg each were incubated in a 10-μl reaction mixture consisting of 0.5 μg poly(dI-dC), 2 μl binding buffer 50 mM Tris (pH 8.0), 750 mM KCl, 2.5 mM EDTA, 0.5% Triton-X 100 (v/v), 62% glycerol (v/v), 1 mM dithiothreitol and [·-
32 P]-dATP-labeled oligonucleotides. The sequences of oligonucleotides used in this assay were: oligonucleotide 1 (-40 to +1), 5'-CGG GAG GGC CGT CCC ATA TAA GCC CGG CTC CCG CGC TCC GA-3'; oligonucleotide 2 (-71 to -41), 5'-TCC TCC CCC GCG CCC CGG GCC TCC AGA GGG G-3'); oligonucleotide 3 (-119 to -72), 5'-GGG CGG GCG GGT GGG GTG GGG CGG GGC GGG GAC AGC CCG GCG GGT CTC-3'; oligonucleotide 4 (-153 to -120), 5'-GGC CAA TCG GGC GCG GTC GGC TGC GGC GGC CGG C-3'; oligonucleotide 5 (-187 to -154), 5'-ACC CAC AGT CCC CCG TGA CGT CAC CCG GAG CCC G-3'; On the left panel, a x1000 magnification of an adenoid epithelium sample with fibronectin antibody and hematoxylin staining shows almost absent fibronectin production throughout the epithelium. Interestingly, traces of fibronectin can be seen only below the basal membrane, but not within the epithelium. On the left panel, the same adenoid sample is shown with Ki-M1P antibody and hematoxylin staining, magnification x1000. Ciliated epithelium and adjacent submucosa of an adenoid sample are visualized, showing loosening of the tight cellular array as well as migrating T-cells and macrophages throughout the submucosa and epithelium. Several T-cells and macrophages had penetrated the basal membrane and passed through the ciliated epithelium.
achieved using an approximately 50-fold excess of nonlabelled oligonucleotides. Each protein-DNA complex was analyzed using 5% nondenaturing polyacrylamide gel at 10˚C for 1 h. The gels were then dried at 70˚C for 1 h and exposed to X-ray films with an intensifying screen at -80˚C. The sequences of those oligonucleotides that demonstrated a shift were analyzed for potential transcription factor binding sites by the method described by Quandt et al (25) .
Cell stimulation. Primary keratinocytes were cultured as described above, and prepared for stimulation with tumor necrosis factor-· (TNF-·), Interleukin-1ß (IL-1ß), and IL-6 (Sigma, Taufkirchen, Germany). All stimulation solutions were freshly prepared in culture medium and pre-warmed to 37˚C before being placed on the cells, and 5x10 5 cells were seeded into each 6-well tray (Nunc, Roskilde, Denmark). Optimal stimulation was achieved by addition of 50-250 μl stimulation solution to the cell culture medium. The stimulation solution contained either TNF-·, IL-1‚ or IL-6 at a 20-ng/μl concentration. For negative controls, PBS without stimulant was added to the cell culture. After 72 h of exposure, the medium was decanted, and the cells were washed twice with PBS, fixed in absolute ethanol for 10 min and subjected to immunocytochemical staining procedures described above. Statistical analysis. Adjusted FN/G3PDH-mRNA quotients as well as FN protein concentrations were analyzed using SPSS 9.0 (Statistical Package for the Social Sciences, SPSS Inc., Chicago, IL, USA). All data assembled in this study were tested for normal distribution using the KolmogorovSmirnov test. If the data were normally distributed, FN protein concentrations were compared between HNSCC and benign keratinocytes using the paired t-test, and, if otherwise, the Mann-Whitney U-test was applied. FN-mRNA expression was compared between HNSCC and mucosa biopsies using the unpaired t-test. A p-value <0.05 was considered significant. In order to confirm significant associations, ANOVA Scheffe's post-hoc test was used.
Results

FN transcription in HNSCC and adenoids.
RNA isolation was confirmed to be sufficient in quantity and quality by agarose gel electrophoresis (Fig. 1) . Subsequent Northern hybridization revealed an absence of FN-mRNA in 54% and moderate reduction (<0.9x control) in 24% of the HNSCC samples. Normal FN expression (0.9-1.1x control) was present in 13% of the HNSCC samples. Interestingly, the FN probe showed an increase of up to 1.5x of the FN-mRNA expression in 9% of the HNSCC samples (Table I ). All HNSCC samples grouped together (0.34±0.47x control) demonstrated significant FN suppression compared to the benign mucosa control (p<0.01). Surprisingly, FN expression was strongly repressed throughout all 16 adenoid samples (Fig. 1) .
FN translation in HNSCC.
To determine transferability of the FN transcription results to FN protein synthesis and in order to evaluate causes of increased FN-mRNA in some of the HNSCC samples, FN protein production was assessed by ELISA, immunocytochemistry, and immunohistochemistry. For exemplary ELISA, FN protein concentrations have been measured in five native laryngeal carcinoma samples, derived from the same patient group investigated in this study. Quantitative FN ELISA revealed a 15-to 18-fold repression in laryngeal carcinoma biopsies compared to benign phenotypes (Fig. 1) . Immunocytochemistry showed absent FN expression in UTSCC-19A cells compared to benign keratinocytes ( Fig. 2A) . Immunohistochemistry demonstrated moderate FN repression in the HNSCC cells. Furthermore, prominent FN production was noticed in the tumor-associated stroma surrounding carcinoma cells with FN suppression (Fig. 2B) . Tissue inflammation was absent in the HNSCC samples.
Mechanisms of FN suppression in HNSCC.
In order to elaborate the mechanisms of the previously described FN suppression in cancer cells, we analyzed the nucleic transcription factors of UTSCC-19A laryngeal carcinoma cells and benign keratinocytes and compared their affinity to eleven FN promoter fragments by means of an electrophoretic mobility shift assay. Our data show two shifts within the first 450 base pairs in the 5' flanking region of the FN gene, one within the carcinoma cell nucleic protein extracts, and one in the benign control (Fig. 3) . A subsequent analysis of the sequence of each FN promoter fragment that tested positive for a shifting revealed binding sites for human papilloma virus early protein-2 [HPV-E2; binding to 5'-ACC-(N) 6 -GGT-3'] and the zinc finger transcription factor ZBP-89, with sequence homologies of 87% and 93%, respectively (Fig. 3) . Laryngeal carcinoma cells and primary keratinocyte nuclear protein extracts were compared using electrophoretic mobility shift assay, revealing the presence of a shift in the carcinoma cell lines (black arrow) and in the benign keratinocytes (white arrow). Sequence analysis suggested human papilloma virus early protein-2 (HPV E2) and zinc finger transcription factor (ZBP-89) for the carcinoma and the keratinocytes, respectively. Furthermore, binding sites of transcription factors regulated by tumor necrosis factor-· are identified in the fibronectin promoter; i.e. NF-κB, nuclear factor-κB; AP-1, activator protein-1. Lines of the electrophoretic mobility shift assay: 1, oligonucleotide; 2, oligonucleotide and carcinoma nuclear protein extract; 3, oligonucleotide and keratinocytes nuclear protein extract; 4, negative control (without nuclear proteins); 5, competitive testing, 50-fold excess of non-labeled oligonucleotide and carcinoma nuclear protein extract; 6, competitive testing, 50-fold excess of non-labeled oligonucleotide and keratinocyte nuclear protein extract; 7, competitive testing of negative control.
FN translation in adenoids.
Immunohistochemistry confirmed adenoidal FN-mRNA suppression on the translational level ( Fig. 2B and C) . More precisely, there were traces of FN throughout the stroma of the adenoid, however, within the epithelium FN was almost undetectable (Fig. 2C) . Upon histologic evaluation, the adenoid samples showed hyperplasia and signs of inflammation, and in order to elaborate on a possible connection to concurrent FN suppression, the presence of leukocyte migration needed to be assessed. Therefore, an antibody stain of the adenoid samples demonstrating migrating T-cells and macrophages was required, and the Ki-M1P was applied for its previously described potential to stain both of these leukocyte populations (23) . The adenoid samples showed a loose derangement of their normally tightly organized ciliated epithelium (Fig. 2C) . Throughout the submucosa as well as the epithelium, abundant Ki-M1P positively stained cells were detected. Many of these cells are shown with signs of cytokinesis, such as cytoplasmatic extensions, suggesting cellular migration (Fig. 2C) .
Mechanisms of FN suppression in adenoids.
We suspected that FN suppression in the benign epithelial cells of adenoids could be mediated directly from bypassing leukocytes or proinflammatory peptides and chemokines. Therefore, stimulation experiments with TNF-·, IL-1ß, and IL-6, which are macrophage release products, were conducted in order to assess whether one or more of these peptides would be capable of inducing FN down-regulation and subsequent derangement of cells. Our data show that TNF-· induces FN suppression in a concentration-dependent manner (Fig. 4) . Interestingly, IL-1ß, and IL-6 induce FN expression rather than suppressing it (data not shown).
With regard to TNF-· FN suppression, an analysis of the FN gene promoter region sequence using the MatInspector described by Quandt et al revealed binding sites for the transcription factors nuclear factor (NF)-κB and activator protein (AP)-1, which are both activated by TNF-·-mediated pathways (Fig. 5) (25) . The binding site identified for NF-κB on the FN promoter is from base position -783 to -769, with a sequence homology of 84%. The AP-1 binding sites are located from -1014 to -1003 and from -418 to -408 with sequence homologies of 95% and 97%, respectively.
Discussion
Our data demonstrate prominent FN gene suppression within benign adenoid tissue samples, especially in the epithelium, as well as decreased FN expression in tumor cells in contrast to increased FN expression in the surrounding tumor-associated stroma. The implications of FN suppression and induction within malignant and benign tissues as well as the mechanisms behind these findings are discussed below. FN expression pattern in malignant tumors. FN suppression has been adopted into current models of cancer pathology by numerous authors (15) (16) (17) (18) 26) . Immunohistochemical studies were able to demonstrate strong negative correlations between tumor and normal nodal states comparing FN expression in cervical carcinoma (27) and pulmonary squamous cell carcinoma (28) . Regarding HNSCC, FN suppression has been associated with poor prognosis (29) and a loss of cellular differentiation (30) . Previous reports indicated that this suppression is mediated on the translational level by revealing a 20-fold reduction of the FN gene promoter activity (8) , and via sequence analysis of the FN promoter region, which indicated several binding sites for potentially inhibiting transcription factors, including the CAAT-binding transcription factor, promoter-specific transcription factor-1, transcription factor-IID, cAMP-responsive element binding protein, and activator protein-2 (31). In addition, our data show HPV-E2 binding to the FN promoter in an HNSCC cell line, which suggests an involvement of HPV in FN suppression. HPV-E2 contains three different domains: the carboxy-end DNA binding domain and the amino-end with transcriptional activation capabilities, which are both separated by a proline rich hinge domain (32) . This binds to the partially palindromic sequence 5'-ACC-(N)6-GGT-3' and regulates viral DNA transcription and replication through direct interaction with G nucleotides in the E2 binding site, through a mechanism that requires E2 dimerization (33, 34) . The replication cycle of HPV is highly adapted to the host cell maturation from basal cells to fully differentiated epithelial cells (35) . Compared to basal cells, the differentiated epithelial cells have a decreased mitosis rate, and the malignant transformation of HPV infections is thought to be an evasion of the host control mechanisms regulating epithelial growth (36) . In accordance with these findings, we hypothesize that HPV-E2 could also undermine host growth suppression by inhibiting FN expression in order to optimize viral replication, thus contributing to carcinogenesis.
In contrast to reports suggesting a role of FN in suppressing tumor growth and invasiveness via contact inhibition, Liu et al postulated a promoting effect of FN on cancer invasiveness (37) . This has been substantiated by findings of increased FN expression in malignant cells of the transitional cell carcinoma (38) and basalioma (39) . Furthermore, FN is known to enhance the invasive potential of cancers by promoting malignant and mesenchymal cell interaction (40) . In addition, our own data show a partial FN-mRNA increase in some of the HNSCC samples. We offer the following explanations for this finding, supported by our histology findings:
FN suppression in the cancer cells can concur with FN induction in the tumor-associated stroma cells at the same time. Among early signs of malignant transformation, fragmentation of cellular FN is concomitant with an increase in FN deposition in peritumoral stroma (41) . It has been suggested that the outer FN expression results from stimulated fibroblasts rather than tumor cells, and that it enhances tumor growth and cellular movement in the tumor perimeter (42) . Experimental procedures that only consider the isolation of whole tissue RNA with an unknown tumor-stroma ratio are therefore unsuitable to determine the association between FN suppression and malignant transformation, unless combined with other investigative strategies able to distinct between the different origins of FN-mRNA. Furthermore, FN suppression and induction are able to concur in the same carcinoma sequentially, i.e. they are both present at different phases of carcinogenesis. Spreading cancer cells can utilize their tumor-associated stroma via cell signaling, assigning it a role comparable to that of a healing wound (43) .
These explanations combine both stimulatory and inhibitory effects mediated by FN, thus offering an interpretation of the mixed FN expression profiles of the HNSCC samples as demonstrated in this study. The data obtained from total RNA isolation out of whole tissue samples could not distinguish between tumor and stroma cells. Therefore, our results on FN transcription in HNSCC might be confounded (3) prompting activation of the transcription factors (4) nuclear factor-κB (NF-κB) and activator protein-1 (AP-1). These bind to the fibronectin promoter and suppress its transcription (10) , which leads to a decrease in fibronectin protein synthesis (11) and consequently decreased cellular surface fibronectin (12) . This triggers a cellular detachment (13) , and supports the passage of leukocytes to follow their chemotactic gradient and induces tissue inflammation (14) . The right half shows our model for a pathway of malignant fibronectin suppression. A human papilloma virus (HPV) particle (5) is incorporated into an epithelial cell via endocytosis (6) , and the viral DNA is transported into the nucleus. The early transcription of viral DNA to mRNA (7), which undergoes 5' capping and is transported out of the nucleus (8), leads to protein synthesis (8) of HPV early protein-2 (HPV-E2). The HPV-E2 transcription factor is transported back into the nucleus (9) and leads to suppression of the fibronectin gene transcription (10), leading to a reduction of cellular surface protein (11, 12) , which ultimately results in a loss of contact growth inhibition, and promotes the cell to increased mitosis thus contributing to malignant transformation (15) . TRADD, tumor necrosis factor-· receptor associated death domain protein; MADD, mitogen activated kinase activating death domain protein; TRAF2, tumor necrosis factor-· receptor associated factor-2; RIP, receptor interaction protein; NIK, nuclear factor-κB inducing kinase, IKK; inhibitor κB kinase; JNK, c-Jun N-terminal kinase; MEKK, MAP/ERK-kinase kinase.
by varying quantities of tumor and stroma tissue. Therefore, we applied immunohistochemistry, which supported the model of local alterations in FN production, i.e. repression in tumor cells opposed to overexpression in the stroma.
Our results also show that FN suppression can be mediated by benign processes rather than malignant transformation alone, which implies additional caution with the interpretation of FN suppression in malignant tumors. Carcinomas are often associated with tissue inflammation, which could offer an additional explanation to FN expression previously described in HNSCC (44) . In addition, the presence of leukocytes in the perimeter of a tumor might even suggest a direct contribution to tumor invasiveness and metastasis formation: the dislodgement of intercellular contacts between carcinoma cells secondary to leukocytes mediated by the FN suppression pathway could potentially accelerate cellular migration and cancer spread. The phenomenon of increased tumor invasiveness upon tissue inflammation has been previously reported, especially for pancreas carcinoma, and could also offer a potential molecular target to slow cancer progression (44, 45) . Leukocyte migration mediated FN suppression. Neither partial nor complete FN suppression has been reported for benign tissues heretofore. The strong suppression of FN expression in adenoids, which were histologically confirmed as benign and without evidence of dysplasia, suggested an involvement of other processes related to the specific properties of tonsillar tissue. Adenoids accommodate numerous Tlymphocytes and macrophages, among other leukocytes, which move in amoeboid fashion throughout the surrounding tissue (46) . Ki-M1P antibody staining confirmed abundant T-lymphocytes and macrophages throughout the epithelium, indicating ongoing cytokinesis based on cellular morphology findings. Therefore, the involvement of leukocyte migration in loosening the epithelial array is strongly suggested.
The pattern of leukocyte migration has been studied extensively, and many authors stress the involvement of cytokines such as proinflammatory peptides and the cellular adherence of leukocytes (47) (48) (49) (50) . Amoeboid movement of leukocytes is ubiquitous in the interior lymphoid three dimensional structure, providing enough room for leukocyte migration. We hypothesize that the FN suppression found in adenoids can be linked to the process of leukocyte migration, which might be conclusive since leukocytes depend on disintegration of junctional complexes in order to be able to move through the epithelium. Our data support this notion since they show epithelial derangement in addition to migrating macrophages and T-cells. We have demonstrated that stimulation of primary keratinocyte cultures with TNF-·, which is a secretion product of macrophages, reduces the expression of FN on the cellular surface of the keratinocytes in a concentration-dependent manner. We offer the following explanation for this phenomenon (Fig. 5) : we have identified binding sites for the transcription factors NF-κB and AP-1 in the FN promoter. Both NF-κB and AP-1 are part of the TNF-·-mediated cascade and influence the transcription of various genes (51) . Therefore, TNF-· could act on the NF-κB and AP-1 to suppress the FN gene expression, which would finally lead to decreased cellular FN concentrations resulting in epithelial cellular detachment, enabling the macrophages and T-lymphocytes to pass by.
In addition to the data suggesting a necessity of FN down-regulation in order to allow leukocytes to migrate, there are other reports suggesting that high levels of cellular surface FN might impair leukocyte function: fibroblasts of the blood vessel wall have been shown to block monocyte activation via FN expression thereby preventing damage to the vessel wall during the process of leukodiapedesis (52) . It would appear that FN suppression contributes to an effective immune response by enabling leukocytes to reach their target destination, which might be the effect of offending organisms that have penetrated the epithelial layer.
In conclusion, we hypothesize that epithelial FN suppression can concur with benign and malignant processes. We showed that benign FN suppression is associated with tissue inflammation and can be mediated via TNF-· secretion from bypassing migrating leukocytes. Furthermore, our data suggest that the pattern of fibronectin suppression within the tumor structure largely depends on the cancer cell-stroma relation, which could explain previous conflicting reports on its repression or overexpression along with malignant transformation. In addition, our data support an involvement of human papilloma virus as a mechanism of carcinogenesis mediated via a loss of FN gene expression.
